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The Arf lascr photodissociation of f:gﬁb CleN and mm

been studied in a pulsed beam. cmpaiisbns‘ arc made bemaﬁ tbm ‘_
results and the radical product distributions -euut'od'ivn an cffmiw
becam. Comparisons arc also made between the effects of cooling b’ L.
expansion in argon and expahaidn in methanc. The latter is kmown to

more effectively cool vibrational modes in the parent molecule.
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'!he nucent qnmtu- ‘state distn.bunons of the frmuta y‘i‘!‘

important information sbout the details of ‘the photodicmi.ation mns. o

The presence of large a-ounts, of rotational energy in the frm: :
indicates that substantial geometrical changes bave occurred when the

system went from the ground to the excited state. Of course when

photodissociation is studied under bulb conditions at room temperature the

‘molecules exist with a dist:ib.ui:ion of rotational and vibrational enér-

gies. The bending vibrations of the molecule have very low fundamental
frequencies so that a substantial population is expected in the first few
levels at 300 K. It is, therefore, nét completely 'cleér how much of the
rotational energy observed in t.he fragments is due to this vibrational
excitation. Further in the case of tranqitioﬁs between § linear ground
state and a linear excited state our earlier work (1) has suggested that
the observed angular momentum of the fragmgnts is due to the original
angular momentum present in the parent molecule. To sort out such effects
it is important to experimentally vary the oriéinal amount of_ angular
momentum in the parent molecule and determine hm; this hffe&s the angular

momentum observed in the fragments.

Free jet expansion in seeded molecular beams is known to cool chc ’
internal degrees of the diluent molecule. Pulsing ‘theu‘r ﬁ.l&ﬂlt bem
reduces the required ‘vacuu m overhead ‘and‘ is .cmittdlt vith‘;bq m of
a pulsed tunable dyes laser to determine the quantum ouuéiutrimiﬂ. 5
With this technique imternal rotational and vibrations) :mamm
low as 1 K and 50 K respectively have been cbtaived depending mm




_beans allows one to vary the smount of vibrational and rotaki :

t-hat is present in the molecule before photoexcitation. '

For several years various workers in our laboratory ‘have bean

involved in measuring the nascent quantum state distributions of fragments

AN . . - }
produced in the photolysis of linear cyanide containing molecules (1-5).

There are many reasons why these systems have bfeeﬁ chosen for systematic

study. First many of the theoretical calculations on photodissociation of '

s.inplg molecules have been done for the triatomid ncn or ICH (6-10).
Second, HCN, CICN, BrCN and ICN provide a simple hamlbgoﬁs series of
triatomic compounds which along with CoNy, a tetratomic compound, wiif:h
quasi-diatomic characteristics are all comefcially available. Thitdly;'
CN is an ideal molecule for laser induced fluorescence detection. The
lifetime of the B2L*t ctate is short enough, abou.t 60ns [11), that the
fluorescent photocurrent at the detection photomﬁltiplier will be higk,
but long enouéh that scattered laser light may be eliminated by using .l
gated boxcar analyzer. The excitation spectrum is simple, consisting of a
single P and R branch for each vibrational band,. and the separation between
‘vidbrational levels is small enough so that a single dye can be used to scan
several vibrational bands, but large enough so that the spectra are not

completely overlapped. Moreover, we have shown how LIF can also be used to

wmeasure the quantum state distribution of any CN n'dica_lt ’roduced in“thl ‘

lox lying AZli; electronic state (12). E ‘ .

Recently we reported on the photolysis of czilj (1), CICK an w%ﬁ :

at 193 am by an AfF laser in an effusive beam. thm
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rotation. ‘l‘he total amount of this excess energy ranges from about 18,09@

.beu it is possible to cool the quantum state distribution of the ’u‘mv

!zwts produced as a result of prodinmutim tbm la' : F
vibutional continuum of the x1z* state of CaNy. . Mghly 35! of t ; .
fragments are produced in the v""l state. ‘Ihe rotational dtserimim ot o
both the v"=0 and v'=1 fragments can be descnbed by a 960! Mltm
dutnbunon. This dxstnbutxon can be reprodaced by aaswnng that ﬂu :
excited state of the molecule is also linear and’ that each of the CI
fragments carries .away half of the rotational angular mmentun @f ‘the -
parent, which itself follows a 300K Boltzmann distribution. C1CN and BrCH, ; : u

on the other hand distribute about half of the avulable energy mto

cm™! for CICN and about 22,000 em™) for BrCN. The rotational dxstr}but;oua :
of CN fragments are non-Boltzmann for all vibrational 1levels, beiug
roi:at:ionally inverted with respect tofthvetmal distributions. For~the case
of CICN about 30 of the fragments are produced in v¥=1, 19% in V=2 ané a
smattering of population is obsefved in v"=3. For BrCN most of the ‘
population is found in v"'=0 while only a small amount of v'=] fragments cr‘e;“
seen. We have been able to parameterize the rotational distributioans diﬁh .

two parameters, in a model which will be discussed below.

By expanding the parent molecule in a seeded aupcrqonie -u.lm}.tt

molecules. This will give us more information about the mtﬁicmmiu' o
process, since we can doteminc how the sngular momentum in the oxi;iaﬂ T

parent moleculs affects the angular momentum of the !rwu. . ' B




Expe erimental

The experimental apparatus which has been previously descri‘ﬁéé. (1,9 A
consists of dye and excimer laser beams counter—propagating and crossing a
molecular beam in the experiﬁental cell. Induced flubreqc,encc is obs’é‘rvul
thfough a filtered and aprrtured ﬁhotmultiplier placed at l_right a’nﬁl_es to
the lasers. In the experiments described here a pulsed beam source is .
used. The pulsed beam is foimed using a pulsed vaive with a v0.21-!tr i.d
orifice plate. The valve opens v;ich a SOOpseé rise and fall time and is
en for 3usec. The lasers were triggered so that light shined on the
wolecular beam 350usec from the initial rise of rhe pulsed molecular beam.
The background pressure jn th;a,reaction cell rose to about 5 x 10~3 torr
when the pulsed valve ﬁaé runniné at lp Hz. In some éxp_eriments a big hole,
0.8mm i.d. and a lower frequency, 1 Hz, were used to enhance the coolmg

effect,

Figure 1 shows sample excitation specr_ra of CN fragments prbduced
from the photodissociation of both an effus:.ve and a pulsed beam of 0282 |
The pulsed beams use Argon or CH; as the carrier gas. It is cleat tlmt
there is a marked stift of peaks in both the P and R branch. This iﬂie‘&tgs'
that the radicals have a lower rotational temperature. Detailed roth ‘
tional state an;lysis confirms that the ;otatio‘ml distributions m;m B

cooled.

The rotational coolmg that is observed ia the CN !tman&: W ﬁgﬁg
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(1). This model suggests that the temperature observed in the CR fragment
should be apﬁroxinately three times the original rotational temperature of |
the CoN2 in it's ground electronic state. Table 1 shows that under a

variety of conditions with both CR; and Ar carrier gases the rotational

‘temperature of the CN product was never below 540K which according to our

original model would éorreépond to a parent rotational temperature 180K.
However, the rotational temperature of CyNj in some of these pulééd beam

experiments has been much lower than this.

To test whether rotational cooling is actually occurring in the

_ pulsed molecular beam, an experiment was performed where CN was deli~

berately formed in the earlier part of the beam before the ;upersonic
expansion was complete. The result of this experiment is shown in Figure
2. The CN radical has been subétantially cooled since most of the
population occurs in the first few J lévels. This indicates' that a great
deal Qf'rotational cooling occurs in our pulsed beam system as one would
expect. The "temperature" one would calculate from this experiment i#-glOK.
Therefore, the results reported in Table 1 cannot be explainea in terms of

incomplete expansion and poor rotational cooling of the Xl state of ColNgy.

As a sidelight it is interesting to note that there is a swall Py,
bandhead observed in the spectra. This further confirms repeated
observations by us in bulb experiments th'a; the rate of rotational cooling

for the upper J levels is less than it is for the lower levels.

The results of the cooling experiment have forced us to conclude that
the agreement between our earlier wmodel and experiment was furtuitous. The

predictions of the model do not agree with the present observations.
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What then can be used to explain the present ob'servatiensf, Preed et.

al. (9) have suggested that an additional source of rotationsl angular |

momentum of the products for a linear to linear transition is the

conversion of the angular momentum tied up in the bending vibrations. This

S

would not disagree with the present observations that rotational cooling -

of the parent in the supersonic expansion does not result in large amounts

of cooling in the product.

This does not, however, explain all of the results. The oﬁtical

transition that we are studying is a Izg to lAu ttansition. Such a

transition is optically forbidden since AAis +2 which violates the orbital

selection rule. The absorption coefficient for the transition is of the
order of 10719 cm? which though small does not correspond to an optically
forbidden traﬁsition. The transition can be made oﬁtically allowed by'
mixing in the symmetry of the bending modes with the electronic symmetry.
This is illustrated in Figure 3 where an energy level diagram has been
drawn for an optically allowed transition from the (06060) and (00010)
levels of the xlzg state of CoNg to the upper levels of BlAu of the molecule.
By mixing in the vibrational symmetry of the bending modes with the
electronic'syn'metry- the transition is now allowed. The sm}l observed
absorption coefficient is then the result of poor Franck.-Ctmdon factors

for the transition.

So far all of the results that have deen discussed do not dica‘reé
with the Freed model. 7Two observations, however, are in apparent
disagrecment. First in an effusive beam at 300 K the rotational distri-

bution of both the v"=1 and the v*'=0 levels .of the CN radicals are tine lllt.
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within the experimental error. For BrCN there is a slight change in the
rotational distribution of the CN fragments as can be seen in Figure 4.
This is also within the experimental error. These results confirm the
original observations (5) that the fransition that was excited in CI1CN and
BrCN by the 193 nm laser is a linear to bent transition. Careful
consi‘deration shows that only highly excited levels of the bending mode can
'be reached in such a process. The reason for this can be seen in Figure 5
where the potential energy associated with bending is shown as a func.ti_on
of angle. Because this potential must be symmetric about the linear
geometry the excited state will show a local minimum at 1800; The
repulsive walls shown at zero and 360° just attest to the fact that the
atoms at the ends of the triétomic.molecule cannot interpenetrate. In
general, there will be a difference in energy between the local maximum and
the vibrational level in the excited state reached by absorption. If this
difference is small, the linecar geometry will be a stationary point of the
vibrational motion of the molecule in the excited state and the Franck-
Condon overlap will be large. If this difference is large, the overlap
wi.ll be vanishing small and there will be very little absorption. This
would explain the weak absorption coefficient, 10".19cm2, of these

compounds in the first continuum [14}.

Large differences in energy between the local maximum and the
vibrational level that is accessed suggest that the bending vibratioﬁal
motion of the excited molecule will be fast. This is in agreement with the
. observation of large amounts of rotational energy being found in the

fragment. If the bending vibrational motion was slow relative to




be appreciably reduced.

butions by choosing the maximum rotational quantum number of the fragmwent
. L, as one of the parameters, and then plotting the distribution P(L-J).

This turned out to be a Boltzmann like distribution, describable by a

3 single temperature. We speculated that the distribution was a remnant of

the rorational distribution of the parent, with the angular momentum of the

CN being simply related to that of the CICN. If this were true one would
expect that an observable change in the CN distribution would occur as the

parent was cooled, the present results indicate that this has not happened.

the rotational energy of the fragments is small relative to the contri-

bution from the vibrational motion of excited molecule. Thus, a change in

e s gt

the parent's rotationagl ehergy by cooling does not affect the fragment

energy.

i , _ Conclusions

Pulsed beam studies on the photolysis of CoNy at. 193 nm have yielded

b Xa

parent does not correspond to an observed reduction in the rotational

S 70 SR e st an

temperature of the CN fragment. This is in contradiction to our conclusion

N .

based on earlier result in an effusive beam. Compare our ci:pir-i-tntal

dissociation then the rotationasl enex;gy that appears in the fragment mu

Earlier we were able to parame erize the effusive rotationsl distri-

This may be because at 300K the contribution of the parent's rotation to

unexpected rcsults that the reduction of the rotational temperature of the

results with the theoretical predictions of Freed et al. While se-e of the

observed rotational energy in CN is related to the original vibrt,tioilflﬁ._

el




motion of CoNp other detailed predictions do not agree with ﬁnmﬁ-

wental observations. In particular the rotational téuperawtea ofﬂn
v'=0 and the v'"=1 levels of CN are th~ same for an effusive beam and for a
pulsed moleCularvbeam. Arguments have beet_i presented that suggest that
these two fragments come from different bending vibrational levels of the
ground states of CoN2. The Freed model would ithen suggest that the

rotational temperatures of the two fragments would have to be different.

The present results may be rationalized in thelfollowing manner. The
photodissociation process that we are investigating in CyNp is really a
predissociation through the vibrational continuum of the ground state. The
rotal.:ional distr.ibution will: be determined by the population of the
bending modes in the excited state just prior to its crossing over into the
vibrational continuum of the ground state. The geometry of this state is
the determining factor for the rotational distribution of the fragment.
Since the rotational distribution is the same for the v"=1 and v"=0 levels,
it suggests that only a certain geometrical configutation. has a high
probability for crossing over to the vibrational continuum of the ground

state.

If the ideas that have been presented for CN from c_zﬂzk are correct,
then one would expect that changing the wavelength for dissociation would.
not change the observed rotational distribution of CH. i‘he reason is that
this rotational distribution is fixeci by "Franck~Condon" envelopes between |
the 8! u state prior to cross over and the vibrational connm efm
ground. state. Work is in j;rogreis to shift the mvel«@tﬁ ﬁi e

dissociating laser to determine whether this idea is corr-dct_._“, S
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The pulsed beam studies on CICN and BrCN are in igréuent wxﬂw m
idea that the rotational distribution that is observed ia determined by ‘the
Franck-Condon f'ac_t:ofs or overlap between‘ the ground vibrational states .of‘.
the halogen containing compound and the excited bent state ,_‘of these
compounds . _SIightly different configurations in the excia'ea s‘:ates are
apparently associated with a CN product in a different §ibratidnal states.
The justifi_cation of this statement is that the rotational distributions
of tbe v"=0, 1 and 2 for CN are different for each of these vibrational
states [5]. Note, however, that BrCN is only produced in one vibrational
state. In the effusive beam studies we abscribed this behavior to the fact
that a part of the upper potential surface that is access upon photo-
excitation is much flatter for iirCN than it is for CICN. Hénce, the excited
molecule has much less vibrational exci.t‘ation in BxCN so much iess shown up
in the CN fragment. The pulsed beam studies do not contradict ﬂut ,
observation, but neither do-they lend any credence to it. Further studies
at different wavelengths should show a different amount of vibrationél

excitation in the CN fragments for these two compounds.
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Figure Captions

Figure 1. LIF excitation spectra of CN(X2L*) produced in the photodissociation

of CyNp at 193 nm (a) in effusive beam and (b) in pulsed supersonic

‘beam.

Transitions allowed by mixing electronic and bending vibrational

symmetries of CyNj.

Figure 3. . LIF excitation spectrum of CN(X2:*) produced and cooled in the

upstream of pulsed beam. Only a few low J levels are strongly

g

distributed. The figure shows R-branch of Av=0 sequence.

Figure 4. Rotational distribution of CN(X!ZI') from ClCN photolysis at 193 nm.

Only v"=0 level is shown, and the highest rotation quantum number,

J max, is 73.

Figure 5. Rotational distribution of CN(X1Z*) from BrCN photolysis at 193 om.

The highest rotational quantum number. J max is 77.

Figure 6. ISchema;ic diagram of a linear to bent transition. O is the bemding

angle. See text for details.
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